Objective. To determine which disease-related variables predict loss of dexterity in patients with rheumatoid arthritis (RA). Methods. A random sample of 94 RA patients was measured twice 1 yr apart. Dexterity, or hand-related disability, was measured with the Sequential Occupational Dexterity Assessment (SODA). The SODA measures dexterity in activities of daily life based on the observation of standardized tasks. Impairment of the hands, disease activity, pain and self-reported functioning were additionally assessed.
R arthritis (RA) is a chronic disease which in daily life. The Purdue pegboard test measures fine finger motion in manipulating small objects. A major mainly affects the joints. The joints of the hand and disadvantage of these tests is that they do not measure wrist are usually impaired in most patients with RA.
bimanual dexterity. In most ADL, dexterity depends This impairment of the hand may result in disability on the combined action of both hands. Therefore, it is in performing activities of daily life (ADL). This loss unclear in what way these unimanual tests are related of hand-related ability, or dexterity, may result in to bimanual ADL. This is especially the case in a dependency, one of the most important stressors of symmetrical disease like RA. Because both hands are the disease [1] [2] [3] .
generally impaired in RA, dexterity in RA should be An important aim of treatment in RA is the prevenmeasured bimanually. tion of impairment of the joints in the hand and the One way to circumvent this problem is to use selfresulting disability [4] . Most often, evaluation of treatreport assessments. A number of scales, like the ment of the hand in RA is limited to measurements of Arthritis Impact Measurement Scales (AIMS ) [14] and certain conventional parameters like range of motion the Health Assessment Questionnaire (HAQ) [15] , of thumb, fingers and wrist, grip strength, and Larsen have separate scales to measure dexterity. The problem score based on radiographic images [5, 6 ] . These with these scales is that they do not measure dexterity conventional assessments measure impairment of one in controlled conditions. Comparisons cannot be made, individual hand. Impairment is defined by the World especially when it is unclear whether aiding tools are Health Organization as the consequence of a disease used to perform a certain task. Recently, a new at the organ level. As such, impairment is distinguished test was developed to measure observed bimanual from disability: the consequence of the disease on hand function in ADL under controlled conditions. functional performance and activity in daily life [7] .
The Sequential Occupational Dexterity Assessment In assessing the impact of RA on the hands, research (SODA) measures hand function in daily life with a has shown that conventional measurements are related set of 12 standardized tasks deemed important for to, but not identical to, hand function in daily life daily life by patients [6, 16 ] . [6, 8] . For the patient, disability in daily life may be The aim of this study is to identify those variables of more importance than the level of impairment [9] . which predict changes in dexterity. For this purpose, Therefore, the use of standardized tests to evaluate the a group of 94 patients was followed during 1 yr. effect of treatment on ADL is recommended [10] .
Impairment of the hand, disease activity, pain, self-A number of tests have been developed to measure reported functioning and dexterity were assessed at the the functional performance of the hand [11] . Examples beginning and end of this period. Measurements at the are the Jebsen test [12] and the Purdue pegboard test start of the study will be used to predict subsequent [13] . The Jebsen hand function test is a series of changes in dexterity. Finally, changes in dexterity will standardized tasks representative of hand functioning be related to changes in grip strength, disease activity and self-reported functioning. addition to the IRGL pain scale, general pain was also assessed with a visual analogue scale ( VAS ). Pain was Impairment of the hand. For each hand, the range of motion of the joints was assessed [19] . Range of also assessed separately during the performance of SODA. After each task, the patient was asked whether motion of the wrist was assessed by measuring the extension, flexion, pronation, supination, radial and performing this task was painful or not. Summing the number of painful tasks resulted in the SODA pain ulnar deviation in grades. Mobility of each finger was assessed by measuring the minimal distance to the score (score ranges from 0 to 12). middle of the palmar wrist crease. In a similar way, the minimal distance between the thumb and the Procedure After giving their informed consent, patients were middle of the first palmar crease of the little finger was measured. For each hand, the number of the following scheduled for sequential visits to a rheumatologist and a research occupational therapist on the same day. deformities was counted: boutonniere, swan-neck, hand scoliosis, ulnar deviation, deformity of the thumb Measurements made at the beginning of the study are referred to as baseline measurements. One year after and median nerve compression. The Jamar dynamometer was used to measure grip strength in kilograms.
the first assessment, patients were contacted again to be scheduled for a second measurement. Reasons for For each hand, grip strength was measured three times. The average score for each hand is used. Radiographic drop-out were documented. All measurements were made by the same occupaabnormalities in the hand were assessed according to the Larsen score [20] . tional therapist and rheumatologist. All measurements were made at time 1 and 2, except for range of motion Dexterity. Dexterity was measured with the SODA. The SODA measures bimanual functional abilities in of thumb, fingers and wrist, counting of deformities, and Larsen score. These variables were only assessed ADL. The test is developed to measure differences in dexterity within the RA population. The SODA is a at baseline. test of 12 standardized tasks which measure dexterity without interference from impairment of the elbow Statistical methods Data were analysed using SPSS statistical procedand shoulder. Separate scores for each individual hand are made for six tasks. The therapist rates the performures. Computations are based on the variables available using pairwise deletion of missing data. To reduce ance on the test on 18 scales ranging from 0 (unable to perform the task) to 6 (able to perform the standardthe number of impairment variables in the analyses, the separate measurements for the left and right hand ized task without difficulty). The range of scores on the SODA is thus 0-108. A higher score means greater on each impairment variable are summed. Correlations between measurements of each hand showed a strong symmetry in this sample (range of motion for **P < 0.001.
fingers 0.46 < r < 0.62; range of motion of wrist 0.63 < r < 0.79; number of deformities r = 0.74; Larsen score r = 0.89; grip strength r = 0.92). The changes in average score between time 1 and time 2 'self-care' and SODA score at baseline. Confidence intervals at 95% for significant correlations are given were tested using two-tailed T-tests for paired samples. Relationships between variables are expressed in in parentheses. The second column shows the correlation between the same variables and change in SODA Pearson correlations (r). Confidence intervals of 95% are given for significant Pearson correlations. Multiple score. SODA change score was calculated by computing the difference between both SODA scores correlations (MR) were computed using regression analysis.
(SODA2 − SODA1). The distribution of SODA change scores was normal ( Kolgoromov-Smirnov RESULTS goodness of fit test, K-S Z = 0.59, P = 0.87). A positive score on SODA change reflects an increase in In Table II , descriptive characteristics of the patients at baseline are given for the 94 patients selected for bimanual dexterity. Individual variables within each block of impairment variables, disease activity varianalysis. Larsen score and number of deformities are given for the right and left hand separately.
ables and pain variables are highly intercorrelated. Therefore, MR were computed between these sets of Most of the patients in the sample are middle-aged females. Most patients are right-handed. It should be variables and SODA and SODA change. Dexterity assessed with SODA at baseline is not noted that the average duration of the disease in this sample is high. On average, 13 yr have passed since related to gender or age. Duration of the disease is weakly related to SODA score. Patients with longer diagnosis. Table III shows the average scores on ESR, number disease duration tend to have a lower SODA score. The set of impairment variables is significantly related of painful joints, number of swollen joints, grip strength for each hand separately, SODA, SODA pain, to SODA at baseline (multiple R = 0.69). This means that 48% of the variation on SODA is explained by self-reported functioning and general pain at time 1 and 2. Differences between both assessments were the impairment measurements of the hands. A high Larsen score, high number of deformities of the hand, tested using T-tests for pairwise comparisons.
The only significant change between time 1 and time and low range of motion of the thumb and fingers are related to poor performance on the SODA. Grip 2 was found in observed dexterity. SODA score at baseline is 84.76 (.. = 19.57) with a range from 14 strength and range of motion of the wrist are positively related to SODA score. Multiple regression was perto 108. The correlation with SODA score after 1 yr was r = 0.76 (P < 0.001). The average SODA score formed to determine which impairment variables contributed independently to the variation in SODA score. fell to 78.45 (.. = 20.2). This is a significant decrease in dexterity in 1 yr (mean difference = -6.29,
To this end, all impairment variables were entered in a stepwise regression analysis with SODA as dependent T-test for pairwise comparisons: T = 4.48, d.f. = 93, P < 0.001). Pairwise comparison of average scores on variable. Grip strength, range of motion of thumb and the number of deformities each made an independent ESR, number of painful joints, number of swollen joints, grip strength, mobility, self-care, IRGL pain, contribution to the explanation of variation on SODA (multiple R = 0.62). VAS pain and SODA pain showed that none of these variables changed between the two assessments.
The number of painful joints is the only indicator of disease activity which is negatively related to SODA. In Table IV , correlations are given between diseaserelated variables at baseline and SODA at baseline, as ESR and the number of swollen joints are unrelated to SODA. well as change in SODA score between both measurements. The first column of Table IV shows Pearson Pain was assessed with three different measures. Each pain measure has a negative correlation with correlations between demographic variables, impairment variables, disease activity, pain, self-reported SODA score. High levels of pain, either general level of pain or pain during SODA, are related to low thumb and index finger have significant individual correlations with SODA change score. Grip strength SODA score. These relationships remained significant after controlling for grip strength, range of motion and range of motion of the wrist at baseline are unrelated to SODA change. Stepwise regression anaof thumb and number of deformities (partial correlations: IRGL pain r = −0.36, P < 0.01; VAS pain lyses were carried out with the individual impairment variables at baseline as independent variables and r = −0.42, P < 0.01; pain during SODA r = −0.52, P < 0.01). Pain during SODA has the strongest partial SODA change as dependent variable. Larsen score, and range of motion of thumb and index finger each correlation with SODA score. Pain during SODA was the only pain variable selected in a stepwise regression made an independent contribution to variation in change in SODA score. Disease activity at baseline, analysis with SODA as dependent variable controlling for grip strength, range of motion of thumb, and assessed with ESR and number of painful and swollen joints, is unrelated to successive change in SODA number of deformities (multiple R increase 0.12, P < 0.001).
score. The multiple correlation of the three pain scores combined on SODA change is not significant. Because the IRGL scale 'self-care' measures selfreported dexterity, the strong relationship with SODA However, two of the three pain measures have weak correlations with successive changes in SODA score. (r = 0.64) is expectedly high.
Change in SODA score is unrelated to gender, age Both general pain measured with the IRGL and SODA pain at baseline are related to an increase in dexterity. and duration of disease at baseline. Impairment of the hands at baseline is related to successive change in When controlling for Larsen score and range of motion of thumb and index finger, these relationships were SODA score (multiple R = 0.53, P < 0.05). Larsen score, number of deformities, and range of motion of not significant. SODA is correlated with a decrease in 'cheerful mood' Grip strength 0.24* (0.04, 0.42) and an increase in 'depressive mood'. amounting to one-third of the standard deviation at baseline. Duration of disease is only weakly related to dexterIn Table V , Pearson correlations are given between change scores in ESR, number of painful joints, ity at baseline and unrelated to change in dexterity. Loss of dexterity may thus be apparent in any stage number of swollen joints, grip strength, self-care, pain, psychological functioning and change in SODA score.
of the disease. It seems, therefore, that even after a prolonged duration of the disease, there may be considFor each variable, change scores were computed by subtracting the score at baseline from the score after erable loss of dexterity. Impairment of the hands at baseline is related to 1 yr.
Changes in dexterity assessed with SODA are related subsequent loss of dexterity. High Larsen scores and a high number of deformities, as well as impairment to changes in three of the four objective measurements: number of painful joints, number of swollen joints and of range of motion of thumb and index finger, are related to loss of dexterity. These variables are indicatgrip strength. The observed decrease in dexterity is related to an increase in disease activity, measured by ive for damage to the joints due to cumulative disease activity [22] . These findings seem to indicate that the number of painful and swollen joints, and a decrease in grip strength. Partial correlations between patients with an aggressive and destructive disease which has resulted in abnormalities in the hands are changes in observed variables and changes in SODA score were computed controlling for Larsen score, and more likely to experience further loss of dexterity than patients with less damage to the joints in the hands. range of motion of thumb and index finger at baseline. Partial correlations between changes in these four Disease activity does not predict subsequent changes in SODA, but an increase in disease activity does. The observed variables and change in SODA are significant ( ESR −0.23, P < 0.05; number of painful joints average score on ESR, number of swollen joints and number of painful joints in this sample does not change −0.24, P < 0.05; number of swollen joints −0.33, P < 0.01; grip strength 0.25, P < 0.05). The direction between the two assessments. However, disease activity does vary over time within each patient [23] . Those of these partial correlations shows that an increase in disease activity is related to a decrease in SODA score.
patients who experience an increase in disease activity are more likely to lose some of their dexterity than Additional regression analyses were computed to determine which variable is most strongly related to change patients whose disease activity has decreased or remained equal. Disease activity seems both to deterin SODA score. Larsen score and range of motion of thumb and index finger at baseline were first entered mine change in grip strength and change in SODA. The fluctuation of disease activity over time is one of in the equation with SODA change as dependent variable (multiple R = 0.48, P < 0.01). Next, change the reasons why not all patients experience loss of dexterity over a period of 1 yr. A minority of patients, in ESR, number of painful joints, number of swollen joints and grip strength were entered in a stepwise 25%, had equal or improved score on the SODA at second assessment compared to the first assessment. regression. Together, they explained an additional 12% of the variation in SODA change (F change = 3.46, Pain is strongly associated with SODA score at baseline. Both general pain and pain during SODA P < 0.05). Stepwise selection procedure resulted in the selection of change in number of swollen joints as the were related to SODA score. Pain during SODA was more strongly related to SODA after controlling for sole variable explaining an additional proportion of variation in SODA change (multiple R increase = 0.08, impairment of the hands than both general pain measures. This might be expected because the SODA score P < 0.01).
Changes in SODA are related to changes in a is based on observation of the therapist, and the patient's evaluation of the difficulty of each task. number of self-reported measurements. A decrease in SODA score is related to a decrease in self-reported Consequently, the relationship between change in
